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I N T R O D U C T I O N
This present work was undertaken in order to investigate the relationships between phytoplankton and bacteria in the Schlei, a fjord of the western Baltic Sea. The Schlei has been a focal point of interest not only for the abundance of fish to be found in its waters but also increasingly for its value as a vacation area. A summary of the most important and characteristic features of the Schlei can be found in NrLL~N & RHEINHrZMEI~ (1970a) and K6NIG (1970) . In brief, this fjord is about 40 km long ( Fig. 1) , very narrow and shallow, and in most places only several meters deep. The salinity of the water decreases from approximately 21%0 at the mouth to 5 %o or less at Schleswig, but may undergo strong fluctuations. Since the exchange with cleaner Baltic Sea water is limited, nutrients in the form of household and industrial wastes as well as fertilizers from the cultivated land areas nearby reach a higher concentration in the Schlei than in the Baltic Sea. These factors have contributed to an increased eutrophication of the Schlei (see RH~INH~MEr~ et al., 1970) . From early spring, throughout the summer and of Len well into the autumn, the waters of the Schlei are colored a deep green due to the presence of numerous, mostly single-celled algae.
June, while the Cyanophyceae, consisting mainly of Microcystis aeruginosa, dominate in the late summer.
During investigations on the bacterial distribution in the Schlei, it was noted by RI-IEINHEIMER (1970C) that in the summer, particularly during the phytoplankton blooms, relatively low numbers of saprophytic bacteria were found and, in general, seemed to develop more slowly than usual. This decrease in the saprophyte numbers during the summer was observed to occur in the native marine and brackish water populations as well as in the numbers of freshwater and terrestrial bacteria which mostly enter the Schlei via drainage channels, small rivers and with wastewater. The bacteria of terrestrial origin often showed a greater decrease at this time than the native forms. Investigations on the occurrence of Agrobacteriurn species (Rhizobiaceae), which may play a large role in the Schlei during certain times of the year (AHt~ENS, 1969) , also showed that these are at a minimum in the summer. The yearly cycle of Agrobacteriurn species showed that this minimum coincided with the mass development of phytoplankton, particularly that of the Cyanophyceae. While other factors such as salinity, temperature and amount of nutrients have a decided influence on the distribution and composition of the bacterial flora, the possibility that many bacteria in the Schlei were suppressed in their development by antibiotic substances secreted by the algae during a water bloom could not be discounted (RHEINHrIMER, 1970e) .
The results reported here should provide answers to the question as to whether or not the phytoplankton blooms have a harmful effect on bacterial populations in the Schlei, and also supplement our knowledge of the relationships between these microorganisms in general.
This work represents part of a dissertation (RIEPER, 1975) 
MATERIALS AND METHODS
Between May 1972 and December 1973 twenty monthly profile voyages were made into the Schlei fjord; five supplementary voyages in 1974 were also made, at bimonthly intervals. In addition to the numbers of saprophytic bacteria (viable counts) and the phytoplankton numbers, other biotic as well as abiotic factors which could influence the distribution of these microorganisms were also determined: the occurrence of yeasts, the coli counts, salinity, temperature and pH of the water, ammonia, nitrate, nitrite and phosphate content, and amount of oxygen in the water. Details of the methods which were used can be found in RHHNH~IMER (1970a-d) .
Samples for study were taken at a depth of 1 m at the following stations (see Fig. 1 ): (1) Tonne Schlei Olpenitz; (2) Maasholm; (3) Kappeln; (4) Bienebek; (5) KSnigsburg; (6) Gro~e Breite; (7) Schleswig. The samples used for determination of the bacteria and phytoplankton numbers were handled immediately on board the research cutter "Hermann Wattenberg"; those for analysis of inorganic N-and P-compounds were kept cool and frozen at --20 ° C upon return to the laboratory.
With the data obtained from the profile voyages, it was possible to give a detailed description of the study area including the changes taking place within the algae and bacteria populations throughout the year. In order to explain the relationship of these microorganisms to one another, it was necessary to isolate them and obtain pure cultures for laboratory experiments. The two main bloom-forming algae, Chlorella sp. and Microcystis aeruginosa, were chosen for the studies. Among the bacteria, pigmented forms which were common and easily recognizable were isolated. Special attention was given to native brackish water forms which could grow well at a salinity corresponding to that of the inner Schlei area (2.5 to 10 °/00 S) where the water blooms occurred. The algae were isolated during water blooms in the Schlei between 1972 and 1973 (see KocH, 1965) . Stock algae cultures were maintained on agar plates prepared with modified Zehnder's solution (ZEHNDER, unpublished, in STAUB, 1961 ; modified further by M~FFi~I~T, 1973a) with 1-1.5 % Difco Bacto-agar. The agar and mineral solutions were autoclaved separately (ALLEN, t968) . Chlorella sp. cultures were axenic; Microcystis was unialgal but not bacteria-free.
The algae cultures were maintained at 20 ° C illuminated with 2 fluorescent lamps, one Phitips Warmtone de Luxe and one Philips Cool White, with 2000 lux measured on a Luxmeter. The light and dark cycles were 14 and 10 hours respectively. Liquid stock cultures were prepared from agar plates shortly before the start of an experiment.
Bacteria used in the experiments were either isolated from the Schlei or obtained from the Institut ftir Meereskunde collection. The strains were maintained on agar slants containing ZoBell 2216 E agar prepared with a seawater-distilled water mixture for a final salinity of 8.3 0/00. Before the start of an experiment, the bacteria were transferred to liquid media and diluted with a seawater-distilled water mixture (S 8.3 %0) before transferring into the experimental flasks.
Experiments were carried out in 300 ml Erlenmeyer flasks containing 100 to 150 ml of modified Zehnder's solution. This solution was prepared with 1 part Schlei water to 4 parts dist. water which gave a salinity of 2.5 %0. NaC1 was added when higher salinities were required in the experiments. The Erlenmeyer flasks were not shaken or aerated during the course of an experiment, but were mixed well before each sampling. The illumination was the same as that described above for the algae cultures. Under these experimental conditions both the algae and bacteria populations reached the end of their exponential growth phase after 7-10 days. For this reason, experiments were seldom longer than 2 weeks.
For determining the algae concentration, a sample of the test solution was filtered through a 0.45/zm membrane filter (Sartorius), dried, rendered transparent with immersion oil and examined under the microscope. Calculation of the celt numbers per ml was made according to the formula described by RODINA (1972) . The bacteria numbers were counted on ZoBell agar plates (S 8.3 0/00) after dilution; three different dilutions were prepared in duplicate for each sample. The colonies were counted after 14 days incubation at 20 ° C.
Sterile filtrates were prepared from Microcystis aeruginosa and from one of the test bacteria strains (51; see Table 1 ), in order to determine if these microorganisms secreted substances with antibiotic activity into the culture medium. The algae were first pre-filtered through filter paper (Schleicher and Sch(ili Selecta Faltenfilter Nr. 595 1/2, ~ 32 cm) and a 0.45 l¢m membrane filter, before final filtration through a 0.2 #m sintered glass filter. The culture fluid from the bacteria was filtered only through the membrane and sintered glass filters.
RESULTS

I n v e s t i g a t i o n s in t h e S c h l e i
The results of the monthly profile voyages to the Schlei have been reported in detail by RIEVE• (1975) . Since, for the most part, they are in agreement with those found by RHEINHEIMER (1970a--f) during earlier investigations in the Schlei, these results will be presented here only briefly.
The seasonal variations in the content of ammonia-N, nitrate-N, nitrite-N and phosphate-P are shown in Figure 2 . The values represent the averages for the stations 3 to 7 inclusive over a period of 21/2 years, and may be considered as characteristic for the Schlei.
Of special interest are the seasonal variations in the numbers of saprophytic bacteria (Fig. 3) . The highest counts are found on ZoBell seawater medium with a salinity range of 8.3 to 25 %0. During earlier investigations in the Schlei, RHEINHEIMER (1970C) found that the highest numbers of saprophytic bacteria generally occurred in the winter from November to January, and again in the spring from April to June. A minimum occurred in the summer during the months from July through September. ./. 3o~ % red bacteria Log cells / mi
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Fig. 5: Average algae ¢cli counts per ml for the ~t~tion$ between Kappeln (3) and Sdlleswig (7) ticular react rapidly to changes in their environment, e. g., in the amount of nutrients present. Changes occurring within a saprophytic bacteria population are more easily observed on agar plates -such as those described here in connection with the different water blooms -but would not be noticeable with the direct counting methods. The highest phytoplankton counts are found in the inner Schlei area between stations 4 and 7 where the salinity is lowest (usually between 5 and 10 0/00) and the concentration of inorganic nitrate and phosphate compounds is greatest (compared to values in the western Baltic Sea). The numbers of phytoplankton undergo large seasonal variations. The spring water bloom is nearly a monoculture of Chlorella sp., minute single-celled algae 2-4 #m, which may grow equally well in freshwater and in brackish water media. The second major bloom, occurring from August to October, is composed of various Cyanophyceae with Microcystis aeruginosa as the dominant species. This agrees with results regarding the distribution of phytoplankton in the Schlei found by JORGENS (unpublished, in SCHIEMANN, 1974) . The blooms are separate although some overlapping does occur (Fig. 5 ).
R e s u l t s o f l a b o r a t o r y e x p e r i m e n t s
Among the bacteria which were tested was a red pigmented form which was especially common in the spring and early summer (Fig. 4) . The results presented in Figure 6 show that these red bacteria grow better in the presence of Chlorella than when cultivated alone. The effect was slightly more pronounced at higher temperatures. The enhancement of bacterial growth continued after the algae reached the end of their exponential growth phase. Onset of the stationary phase of Chlorella took place after approximately ten days, under the experimental conditions described.
Other strains of Schlei bacteria cultivated with ChloreUa sp. were not influenced by the presence of these algae. An inhibitory effect on the growth of Escherichia coli was noted, however (Fig. 7) . The suppression of E. coli began toward the end of the algal exponential phase of growth, and was greatest during the stationary phase. No significant differences were observed in the growth curves of axenic cultures of Chlorella sp., and those to which various strains of bacteria were added. Microscopic examination of the cultures during and at the end of the experiments showed that the bacteria did not colonize the algae at any time.
The experiments described above were also carried out with Microcystis aeruginasa. When cultivated together with Microcystis, the red bacteria, Agrobacteriurn ferrugineurn and E. coli were suppressed in their growth as compared to controls with-out algae. As shown in Figure 8 , the suppression begins immediately. In all experiments described here, only young actively growing cultures of algae were used. As with Chlorella sp., the growth rate of Microcystis was not affected by any of the bacteria strains tested.
Since Microcystis cultures were non-axenic, a possible inhibitory influence of the associated bacteria on the test strains could not be excluded. Therefore the experiments were repeated, using the dominant bacteria species inhabiting the Microcystis slime layer instead of the algae (strain 51). These bacteria are highly motile rods having a salinity optimum of 15 O/o.o; other charakteristies are listed in Table 1 . On agar plates the colonies formed are large, translucent white and develop rapidly at room temperature. Results showed that this strain had a decided inhibitory influence on most of the test bacteria isolated from the Schlei. The suppression of E. call, however, was greater in a culture medium containing the contaminated Microcystis, than with a pure strain of the white bacteria (Fig. 9) . In both cases the suppression begins immediately.
It was concluded that the inhibitory effect on E. call due to the presence of Microcystis aeruginosa may also be attributed, in part, to the bacteria associated with these algae. It has already been noted that there is usually a decrease in the saprophytic bacteria counts in the Schlei during the summer months. Large white or colorless colonies are more frequently seen on agar plates prepared from water samples taken at this time. These colonies develop rapidly and suppress the growth of other bacteria on the plates. In particular the pigmented bacteria such as red and yellow forms as well as brown species appear small and pale when they occur near the large white colonies. OEen other bacteria fail to develop at all, within a certain radiu~ of the white ¢olorfie~, Could the white strain 51 isolated from the Microcystis slime layer have a general inhibitory effect on the common pigmented Sddei bacteria, as has already been shown with E. coli? Accordingly, various pigmented bacteria were cultivated alone and together with strain 51. The first test series was carried out in liquid culture media; bacteria counts were then made on agar plates prepared from the test solutions. A second series of experiments was carried out on agar plate s only, onto which the strains to be tested were directly inoculated. The results from both series of experiments showed clearly that strain 51 could suppress the growth of most pigmented bacteria isolated from the Schlei. Of particular interest was the effect on the common red bacteria (strain 8a). Figure 10 demonstrates the growth rate of these red bacteria cultivated alone and with strain 51 in liquid media at 20 ° C (the results at 10 ° C are very similar). It can be seen that the suppression begins immediately. The red bacteria are suppressed on the agar plates already at the start of the experiment: the initial concentration of red bacteria in test flasks with strain 51 was the same as that in the controls, yet there is already a noticeable difference in the counts at the start. Noteworthy is the fact that the red bacteria are only suppressed while strain 51 is in the exponential phase of growth. This occurs up to the seventh day under the experimental conditions described. From this point on, the red bacteria recover rapidly until they are nearly as numerous as the controls. The growth of the white bacteria is slightly enhanced by the presence of the red bacteria. Further experiments such as these were carried out, in which the red bacteria outnumbered the whites by a factor of ten at the start of the experiment. This did not essentially alter the shape of the curve represented in Figure 10 . Even a relatively small number of white colonies can still inhibit the growth of many red colonies.
In addition to strain 51, another transparent white bacterium species was isolated from the Schlei and tested for antibiotic-like activity. This species, strain 37, also formed large white colonies on agar plates prepared from samples of water taken during a Microcystis bloom. Tests showed that this strain was able to suppress the growth of pigmented Schlei bacteria (on agar plates) which were also inhibited by strain 51. Those tested included yellow, red and brown bacteria (strain 14, 8a and 13 respectively). A list of the properties of all strains tested is found in Table 1 .
Bacteria which were not suppressed by either 37 or 51 were an extreme halotolerant ochre-colored form (20), an orange strain (35) and, surprisingly, E. coll. It has already been shown in Figure 9 that E. coli in liquid media was suppressed by strain 51. There was, however, no evidence of inhibition when these bacteria were inoculated simultaneously onto agar plates. ( + = positive, --= negative, (+) = weakly positive, + = parallel test did not agree.)
The question was then considered as to whether the suppression could be due to an antibiotic-like substance secreted by the white bacteria. Accordingly, a sterile filtrate was prepared from the culture solution of strain 51 during exponential growth. Test tubes containing 5 ml of the filtrate were inoculated with a small amount of the bacteria to be tested. A~e r an incubation period of several days, a strong turbidity was noted in all test tubes with the filtrate as well as in the controls. The bacteria tested included the red, yellow, orange and brown forms, most of which were inhibited by the presence of strain 51 on agar plates. Similar tests were also carried out using a sterile filtrate prepared from non-axenic Microcystis aeruginosa cultures in the exponential phase of growth as well as from stagnating cultures. The results were the same as above: all pigmented bacteria were able to grow in the culture filtrates from Microcystis regardless of the age of the algae when filtered.
It was concluded therefore, that neither strain 51 nor the algae themselves secrete antibiotic substances which can suppress the growth of the pigmented bacteria. The suppression observed on agar plates is the result of competition for nutrients, whereby the rapidly developing white strains have the advantage.
Further experiments were carried out in order to determine if other Schlei bacteria, apart from the two white strains, could influence one another. Various species were cultivated together in liquid media and plate counts were made from sample aliquots in the usual manner. Results showed that the red bacteria are also inhibited by Escherichia coll. Again, as in experiments with strain 51, the inhibition took place only on the agar plates but not in the culture solution. At higher dilutions with correspondingly lower numbers of E. coli colonies on the plates, more red colonies were able to develop than at the lower dilutions. The growth of E. coil was enhanced by the presence of the red bacteria.
DISCUSSION
The problem of the relationship between bacteria and algae is expecially relevant with the emphasis on aquatic ecology today. As to the nature of this relationship, there is no simple formula. Some bacteria may benefit from the algae and vice versa. They may also adversely affect one another by the secretion of substances with antibiotic activity.
The stimulation of bacterial growth by algae seems to be quite common. It is not limited to a single species, but occurs between many different groups of bacteria and algae (SIEBURTH, 1968; BELL & MITCHELL, 1972; BELL et al., 1974) . A correlation between the numbers of bacteria and algae has been found in many bodies of water (OvERBi~CK, 1968 SCHMIDT, 1969 SCHMIDT, , 1970 JONES, 1972; GRAY, 1953) . This is disputed, however, by GUNIft~L (1968) . Experiments in vitro with various green algae (Chlorelta, Scenedesrnus) showed that the growth of certain bacteria is enhanced by these algae, whereas other bacteria strains are clearly inhibited (VELA & GUERRA, 1966; NIEWOLAi~, 1971a, b) .
If the stimulation of bacteria is a common phenomenon, just as widespread apparently is the antagonism between algae and bacteria. A complete and comprehensive review of the relationship -both mutualistic and antagonistic -between bluegreen algae and bacteria has been published by WmTTON (1973) . SIEBI3RTH (1964) compiled a list of all the marine algae species which are known to secrete antibacterial substances. Other studies on the antibacterial activity of marine algae have been made by Roos (1957) , BURKHOLDet~ et at. (1960) , SIEBURTH & PRATT (1962) , SI~BUr, TH (1968) and MOIKEHA & CHU (1971) . Secretion of bactericide substances by freshwater green algae has been found by PRATT et al. (1944) , VELA & GUERRA (1966) and NIEWOLAK (1971a, b) .
From this review of the literature, it is clearly seen that the relationship between bacteria and algae is not a simple one. When the Schlei is considered as a study area, the situation becomes still more complicated. Rapid changes in the hydrographical conditions (e. g., salinity and temperature of the water) can cause fluctuations in the bacteria and algae numbers, which may have nothing to do with the bacteria-algae relationship itself. Furthermore, no studies were made as to the influence of grazing by zooplankton. These factors should be kept in mind when attempts are made to apply laboratory results to the situation in the Schlei.
When the phytoplankton and bacteria counts in the Schlei are compared, the maxima do not coincide. While large numbers of saprophytic bacteria accompany the spring Chlorella bloom, the saprophyte counts tend to decrease in the summer. This is particularly the case during the blue-green algae water bloom. Apart from the influence of various abiotic factors (see RI-IEINHEIMER, 1970e) , the effect of the phytoplankton blooms on the distribution of the bacteria will be discussed, on the basis of the experimental results.
G r e e n a l g a e -b a c t e r i a
The large numbers of red bacteria in the spring and early summer are stimulated by the presence of ChIorella sp. These algae secrete extracellular organic substances which are utilized by the red bacteria, enabling them to compete with other heterotrophic bacteria in the Schlei. Since enhancement of the red bacteria begins at once in an actively growing Chlorella sp. culture, it is concluded that Chlorella secretes extracellular substances during the exponential phase of growth. These substances are therefore not autolysis or degradation products. The red bacteria are not predators on Chlorella. At no time were Chlorella cells colonized by bacteria, neither during the exponential nor stationary phases of algal growth.
Other strains of native Schlei bacteria tested were not significantly influenced in their development by the presence of ChloreIla sp. in the culture medium. (A laboratory strain of E. coli was inhibited by Chlorella cultures, but only during the stationary growth phase of these algae.)
The unusually high saprophyte counts in the Schlei noted in the spring ~ and summer of 1973 could also be partly due to extracellular products of ChlorelIa. Red pigmented bacteria oPcen amounted to 30-40 °/0 of the total saprophyte numbers found during this time. The water bloom which occurred in the spring of 1973 was also more intense than usual; the concentration of ChlorelIa was far greater than in 1972 or 1974.
Studies on extracellular products of green algae show that these substances are many and varied. However, since among the bacteria tested only the red bacteria were noticeably enhanced by the presence of Chlorella, the substance(s) involved may not be of general use as a substrate to the majority of Schlei species. Glycollic acid is frequently mentioned as an extracellular product not only of Chlorella but also of other planktonic algae (FoGG & NALEWAJKO, 1964) . It is not a popular substrate for bacteria, however. Brl~LAND et al. (1970) found that only one out of 25 marine bacteria species tested, a Pseudomonas, could utilize glycollate. FooG & NALEWAJKO (1964) state that LEWIN (unpublished) found several freshwater strains which "grow with this substance as sole carbon source". Although a knowledge of the nutritional requirements of the red bacteria is necessary before one can judge the importance of glycollic acid in their growth, tests have shown that these bacteria do grow better when glycollic acid is added to the culture medium under laboratory conditions (at a concentration of 1 g glycollic acid per 1).
B l u e -g r e e n a l g a e a n d b a c t e r i a
Since a filtrate of a unialgal Microcystis aeruginosa culture did not inhibit any of the bacteria tested, the growth of these bacteria is probably not suppressed by the Microcystis water bloom in the Schlei. The strains tested included relatively common brackish water bacteria isolated from the study area. It could be shown, however, that at least two bacteria strains associated with the Microcystis bloom inhibited the growth on agar plates of most bacteria tested. Both strains are white forms which develop rapidly at room temperature. In a culture filtrate of one of these strains, isolated from the Microcystis slime layer, all of the test bacteria were able to develop.
Therefore the suppression on the agar plates is more likely due to a competition for nutrients within a limited area, rather than to any antibiotic substance. Colonies on agar plates which are close to the inhibiting bacteria are smaller and paler than normal or may fail to develop entirely. The decrease in the saprophytic bacteria counts found in the Schlei during the summer months may, in fact, be partly due to competition with the white bacteria. It cannot be said with certainty, however, whether or not an actual suppression takes place in the open waters of the Schlei.
The question remains as to the relationship between the two inhibiting strains of bacteria (37 and 51) and Microcystis aeruginosa. It is possible that the frequent occurrence of strain 37 during a Microcystis bloom is only due to coincidence. The conditions favorable for the development of blue-green algae in late sumnaer may also favor the growth of strain 37 (e. g., high temperature, alkaline milieu, nutrient supply) without there being a cause and effect relationship. On the other hand, blue-green algae and bacteria are so commonly found together that a symbiotic or mutualistic relationship may be taken as a fact. Of particular importance to heterotrophic bacteria are the extracellular organic substances secreted by algae. Among the blue-green algae in particular, the most common extracellular products are nitrogenous compounds (polypeptides, peptides and some amino acids) as described by WATANABr (1951 ), FooG (1952 ), FOCG & WrSTLAKr (1953 and WHITTON (1965) . The slime layers of blue-green algae which are largely polysaccharide in nature (WoLK, 1973 ) also provide a substrate for many bacteria. It is therefore likely that strain 37 benefits from the extraceltular products of M. aeruginosa, and for this reason is frequently found during the blue-green algae water bloom. The same is probably true for strain 51, which is found directly in and around the Microcystis slime layer. In addition to the algal extracellular products, other factors may also be involved in the distribution of these bacteria. It is possible that the bacteria have entered into a symbiotic relationship with Microcystis not only to receive organic matter but also for the 02 produced by the algae during photosynthesis (LANCE, 1971) . In turn, CO2 is made available to the algae by bacterial assimilation of organic compounds. LANCE (1971) states that organic compounds assimilated by bacteria "may be one of the factors leading to algal bloom in lakes and ponds, especially when growth is not limited by the supply of phosphorus or other inorganic elements". SUMMARY 1. Investigations were carried out on monthly voyages to the Schlei, a fjord of the western Baltic Sea, from 1972 to 1974. 2. The Schlei is characterized by two successive water blooms -one in the spring caused by Chlorella sp., and a Cyanophyceae bloom in late summer with Microcystis aeruginosa as the dominant species.
3. The blooms are accompanied by different bacteria populations. It was noted, e. g., that the proportion of red pigmented bacteria is greatest during the spring, whereas in late summer the numbers of pigmented bacteria decrease and white or colorless forms dominate. 4. In order to determine the relationship of the bacteria to the phytoplankton blooms, the predominant algae and bacteria species in the Schlei were isolated, and laboratory experiments with these microorganisms were carried out. 5. The results of these experiments showed that the growth of the red bacteria was clearly enhanced when cultivated together with Chlorella sp. 6. The enhancement takes place immediately with actively growing Chlorella cultures. Apparently these algae secrete organic substances into the culture medium during their exponential phase of growth, which are utilized by the red bacteria. It is likely that a similar process occurs in the Schlei. The rapid increase in red bacteria has been shown to take place parallel to the development of the Chlorella water bloom in the spring. The proportion of pigmented bacteria decreases in the late summer with the breakdown of the Chlorella bloom, and a new bacterial population becomes dominant. 7. Other experiments with Chlorelta sp. showed that Escherichia coli is strongly inhibited by the presence of these algae. The inhibition takes place only ai%r Chlorella has reached the end of the exponential phase of growth, however. The inhibitory substances are probably autolysis or degradation products which accumulate in the culture medium during the stationary phase of algal growth. 8. None of the bacteria tested had any influence on the growth rate of Chlorella sp., nor were the algae cells colonized by bacteria at any time. 9. With the development of the Microcystis bloom in late summer, white or colorless bacteria are more frequently found in the waters of the Schlei. At the same time, there is generally a decrease in the saprophyte counts including pigmented bacteria. 10. Two strains of white bacteria commonly associated with Microcystis were able to suppress the growth of many other bacteria on agar plates, especially red, yellow and brown pigmented species.
11. Sterile filtrates prepared from the culture solutions of the white bacteria had no effect on the strains tested, however. The suppression on agar plates is therefore more likely due to competition for nutrients. There is no evidence that antibiotic substances are involved.
12. Filtrates prepared from non-axenic cultures of Microcystis aeruginosa during the exponential as well as stationary phase of growth also did not inhibit the growth of the bacteria tested. 13. The decrease in the numbers of saprophytic bacteria in the Schlei during the summer may be due in part to the presence of the large white colonies on agar plates which prevent other bacteria from developing. These white bacteria are apparently associated with Microcystis water blooms; possibly a symbiotic or mutualistic relationship exists between these microorganisms.
